Bone-derived growth factors modulate collagenase and TIMP (tissue inhibitor of metalloproteinases) activity and type I collagen degradation by mouse calvarial osteoblasts.
The finding that osteoblasts synthesize collagenase has led to the hypothesis that bone cells play a major role in bone resorption by degrading the surface osteoid layer, thereby preparing the underlying mineralized bone for osteoclastic action. To further understand the mechanisms regulating osteoid removal, mouse calvarial osteoblasts were cultured on 14C-labelled type I collagen films and the abilities of (i) bovine bone matrix extracts and (ii) purified or recombinant human growth factors, to modify their collagenolytic behaviour were investigated. EDTA/Tris-HCl extracts of bone matrix containing growth factor activity, exerted a dose-dependent inhibition of type I collagenolysis by osteoblasts stimulated with 1,25-dihydroxyvitamin D3 (1,25(OH)2D3, 10 ng/ml). Inhibition was accompanied by a reduction in collagenase activity and an increase in free TIMP (tissue inhibitor of metalloproteinases) in the culture medium. Transforming growth factor-beta, epidermal growth factor, platelet-derived growth factor and the acidic and basic fibroblast growth factors all mimicked these effects. In contrast, insulin-like growth factors-I and -II did not inhibit type I collagenolysis, only partially inhibited collagenase activity, and did not stimulate TIMP production by either 1,25(OH)2D3-treated or untreated cells. These findings provide additional evidence for the tight control exerted on the proteolytic activity of osteoblasts and the importance of TIMP in its regulation. They suggest strongly that the conversion (coupling) of the initial resorptive phase of the bone remodelling cycle to one of deposition, may be mediated by polypeptide growth factors either produced locally by osteoblasts, or released by proteolysis from the bone matrix.